SUMMARY An enzyme linked immunosorbent assay (ELISA) based on the antibody class capture method for the detection of specific IgM against Toxoplasma gondii, using the microtitre plate format, was developed. Antigen binding was detected using a monoclonal antibody, CIE3, conjugated to horseradish peroxidase. Prior mixing of the conjugate and antigen improved the stability of these reagents as well as removing an incubation stage from the assay. The incubation time of less than four hours permits a rapid throughput of specimens.
The value of enzyme immunosorbent assays for the detection of specific IgM class antibodies in both acute and congenital toxoplasmosis is now well established.' These assays have been shown to be more sensitive and specific than the indirect immunofluorescence test,2 particularly when the antibody class capture system is used. 3 The use of antibody class capture system at the Swansea Public Health Laboratory Service (PHLS) Toxoplasmosis Reference Unit was described in an article published in 1982,2 while both the Leeds and Tooting Units also have several years experience with modifications of the assay.
Further modifications, including the use of microtitre plates and the monoclonal antibody (CIE3), have led to the development of a rapid, simplified, Accepted for publication 24 September 1986 and relatively robust assay.
This study was performed to establish uniformity of testing and reporting between the three PHLS Toxoplasma Reference Units in England and Wales and to establish a standard assay with which other assays for the detection of toxoplasma specific IgM class antibodies could be compared.
Material and methods

PRODUCTION OF MONOCLONAL ANTIBODY CIE3
This work was carried out at the Leeds PHL (unpublished data). Balb/c mice were each infected intraperitoneally with 10 cysts of the Gleadle strain of Toxoplasma gondii on days I and 28, followed by Q00 trophozoites of the RH strain intravenously three days before fusion. Fusion was carried out with myeloma cells of the non-immunoglobulin secretory line designated P3-X63-Ag8-653 that were resistant to PHLS ELISA for detecting toxoplasma speciflc IgM antibody 8-azaguanine. Antibody production after fusion was monitored from day 10 by the Toxoplasma dye test. 4 One hybridoma was found to produce an antibody (CIE3) with high specific activity against a 35 Kd surface membrane antigen of the organism. After cloning 106 cells were injected intraperitoneally into Balb/c mice previously primed with Pristane (Sigma Ltd). When ascites was evident, it was tapped using a 14 gauge needle. The fluid was pooled, clarified by centrifugation, and stored at -20°C. When The antigen used throughout this study was produced from membranes of hen eggs infected with Toxoplasma. 6 The chorioallantoic membranes of 13 day old chick embryos were infected with a suspension of the RH strain of Tgondii. The trophozoites of the RH strain were obtained from the peritoneal cavities of mice infected three days previously. After seven days' incubation the membranes were removed, suspended in PBS, and macerated. The suspension was then frozen at -70°C and thawed at 37°C on three occasions before being centrifuged at 2500g for 10 minutes. The supernatant constituted the antigen and was stored at -200C.
ANTIGEN AND CONJUGATE REAGENT
The approximate titre of both the antigen and the conjugate was determined by chessboard titration. The combined reagent was prepared by adding 100 1u of the conjugate to 100 ml of the antigen, mixing thoroughly, and incubating for 24 hours at 37°C. It was then divided into 5 ml volumes and stored at 4°C. Several batches prepared over six months had working titres varying between 1/20 and 1/60 when titrated against standard sera. The antigen and conjugate used at the three laboratories was prepared and distributed by the Swansea PHL. All other reagents were obtained and prepared locally.
CAPTURE ANTIBODY
The optimum dilution of a rabbit antihuman IgM (Dako, Copenhagen) was determined by chessboard titration and found to be 1/1000 when used in the test conditions described. The 50mM carbonate and bicarbonate coating buffer (pH 9-6) for the antihuman IgM was prepared by dissolving 1 56 g of Na2CO3 and 2-5 g of NaHCO3 in I litre of water. This could be used for up to two weeks if stored at 4°C.
SUBSTRATE
The chromogenic substrate used was 3,3',5,5', tetramethylbenzidene (TMB) (Miles Scientific, Naperville, USA). The stock solution was prepared by dissolving 100mg TMB in 10ml of dimethylsulphoxide. This was stored at room temperature in a dark bottle. Citric acid and sodium acetate buffer (100mM) (pH 6-0) was prepared by dissolving 16 4 g of sodium acetate in 2 litres of water and 2 1 g of citric acid in 100 ml of water. The citric acid solution was added to the sodium acetate solution to bring the pH to 6-0. This was then distributed in 100 ml volumes, autoclaved at 10 psi/10 minutes, and stored at room temperature. Just before use 250 p1 of TMB solution was pipetted into a clean universal container and 25 ml of the pH 6-0 buffer added rapidly, with thorough mixing, followed by 25 p1 of 6% (20 volumes) H202.
WASH SOLUTION AND DILUENT
The wash solution consisted of PBS with 0 05% (v/v) Tween 20 (PBST) added. The diluent for both the serum specimens and antigen and conjugate reagent was PBST with the addition of 1% (w/v) bovine serum albumin (PBST-BSA). The mean EIU of each group of sera obtained by each centre, was plotted against the month of onset of lymphadenopathy (fig 2) . The maximal response occurred at about two months, and specific IgM could be detected for about six months after onset of symptoms. Fig 3 shows the results for the series of sequential specimens of serum taken during the course of a laboratory acquired infection. The initial IgM response was higher than that seen with the pooled data for the naturally acquired infections; it was maximal earlier at one to two months and became negative sooner at about four months. Figs 2 and 3 show that the results obtained by the three laboratories were very similar.
Discussion
The use of the monoclonal antibody CIE3 has been shown to be effective in an antibody class capture system for the detection of specific IgM directed against Tgondii.9 The CIE3 conjugate has several advantages over polyclonal antibody for the detection of bound antigen. It can be used at high dilutions with the potential of reducing both non-specific and background reactions, increasing the specificity and sensitivity. With the polyclonal serum conjugate used in an earlier version of the test, it was necessary to add carefully selected homologous serum to the diluent to reduce background reactions. With the monoclonal conjugate, BSA (which is more readily available than suitable human sera) can be substituted. To avoid false positive reactions due to rheumatoid factor interacting with the Fc portion of the immunoglobulin, it had been necessary to prepare conjugates from the F(ab)2 fragment when using polyclonal antibodies. Expression, standardisation, and interpretation of results in any ELISA system is an area of contention. The Leeds PHL have used the EIU system to assess results for some time, and it has now been adopted by the three Toxoplasma Units. The results are recorded in EIUs and interpreted as either negative, doubtful, positive, or strongly positive depending on the EIU obtained. A general comment is then given on the overall serological pattern, with particular respect to any information on the request form, to aid the clinician in interpreting the report. Expressing results as EIUs permits direct comparison of assay runs, irrespective of absolute absorbance values, and has proved valuable for attempting comparisons of different assay formats. Problems of too much or too little substrate colour development are also largely eliminated, with full controls on each microtitre plate. When the results were assessed visually, most sera could be correctly classified without reference to absorbance values. The only contentious results were those in the doubtful category, and these are always repeated.
We consider that the work described here clearly shows that this rapid simplified assay, is sensitive, robust, and reproducible-comparable results being obtained at the three centres, even though different equipment was used at each. The assay will provide, therefore, a standard against which other assays can be measured.
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